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(54) Continuously variable transmission 

(57) Continuously variable transmission provided 
with a belt (3) and pulley (1 ,2) capable of interacting with 
each other at an acute angle (8) under the influence of 
a coefficient of friction (:), and which belt is suitable for 
taking both pushing and pulling forces, the ratio 
between flank angle (8) and the effective coefficient of 



friction (: tan ) in the tangential direction in rotating condi- 
tions being such that, measured in radians, the coeffi- 
cient of friction (: tan ) is less than 1.1 times the value of 
the relevant flank angle (8), but is greater than 0.55 
times that value. 



















^ / 






I 




^jlJi / 


-= — I*" 


i I*— 1 


6 


1 +J 


i 



FK3. S 



1?^ < 



o> 

1— 

CO 
O) 

o 

Q. 
UJ 




FIG. 6 



Printed by X«rm (UK) Business Services 
2.16.7/3.6 



BNSDOCID: <EP. 



.0931859A1 J_> 



1 



EP0 931 



959 A1 



2 



Description 

[0001 ] The present invention relates to a continuously 
variable transmission according to the preamble of 
Claim 1. 5 
[0002] Such a transmission is generally known, for 
example from the European patent publication EP-A- 
0777069 or from SAE technical paper series 881 734. In 
the known transmission, with the application of axial 
force the so-called push-belt is clamped between a pair 10 
of slightly conical sheaves of two pulleys set up at a dis- 
tance from each other. The belt and a sheave rest 
against each other in a contact face which forms an 
acute angle, the flank angle or cone angle, with an 
orthogonal on the axis of rotation of the pulley The 75 
clamping force of the two pulleys is such that a state of 
equilibrium with a fixed transmission ratio arises. The 
transmission proceeds to continuously variable chang- 
ing of this ratio, i.e. stageless shifting while increasing 
the clamping force in one of the two pulleys. In the 20 
known transmission the push-belt is composed of at 
least one flexible band assembly, which is generally 
formed from metal rings and is capable of taking pulling 
force, and of transverse elements which at least largely 
freely surround the band assembly and enable the belt 25 
to transmit pushing force. The generally known trans- 
mission is usually provided with a flank angle of 1 1 
degrees or 0.192 radians. 

[0003] A wedging action between belt and pulley is 
associated with the acute flank angle. In order to permit 30 
shifting of the transmission during standstill, according 
to a generally accepted rule, the tangent of the angle of 
the contact face must be greater than the coefficient of 
friction, so that the belt can be moved in the radial direc- 
tion, or tan 8 > :. The line with points in which tan 8 > : is 35 
known as the self-locking limit. Close to this self-locking 
limit, in order to permit movement of the belt or shifting, 
the axial force of one of the two pulleys of a transmis- 
sion must be very much greater than the axial force act- 
ing upon the other pulley. In a practical application of a 40 
transmission, in particular a vehicle transmission, the 
capacity of the power generator present for this purpose 
may be inadequate in this case. Therefore, in the design 
of a continuously variable transmission the self-locking 
limit constitutes a test parameter as regards the ratio 45 
between the flank angle and the coefficient of friction in 
the radial direction. 

[0004] However, it has been found in practical tests 
that transmissions provided with a push-belt of the type 
described above can produce unexpected breakage of so 
the belt, even if the flank angle meets the limit set by 
self-locking. The object of the present invention is to 
provide a transmission with a belt of the abovemen- 
tioned type, in which the ratio between flank angle and 
coefficient of friction is such that the durability of the 55 
construction is retained, in other words, belt breakage 
does not occur or is very unlikely to occur in the short or 
even longer term. According to the invention, such a 



transmission is obtained by the measure according to 
the characterizing part of Claim 1 . 
[0005] The present invention is based on the insight 
and the problem that conventional measures are inade- 
quate for designing good transmissions for the present 
type of belt, a belt type which, unlike belt types such as 
chains or stretched or unstretched rubber belts, is capa- 
ble of transmitting pushing force. The invention is also 
based on the insight that this pushing force is part of the 
reason for the occurrence of the abovemerrtioned 
breakage. In particular, it has been realized that under 
rotating conditions the abovementioned breakage can 
occur despite compliance with the serf-locking test 
which is known per se. The present invention therefore 
sets an additional limit for rotating conditions, namely 
the buckling limit. In rotating conditions, according to the 
insight on which the invention is based, a tangential 
component of a friction vector related to the actual fric- 
tion between belt and pulley must be distinguished. The 
absolute value of this vector represents the effective 
dynamic coefficient of friction : in the tangential direc- 
tion. The friction vector according to the insight on which 
the invention is based is the resultant of very slight belt 
slip which is always present in both the radial and the 
tangential direction. The slip in the tangential direction 
in this case is related to the force to be transmitted from 
one pulley to the other by way of the push-belt, while the 
slip in the radial direction is related to the radial move- 
ment of the belt occurring in a pulley, such as in the case 
of any adjustments made in the transmission ratio. Fur- 
ther in accordance with the insight on which the inven- 
tion is based, under rotating conditions of a 
transmission, i.e. of the variable speed gear part 
thereof, the tangential component of the friction vector 
is of a greater order than the radial component thereof. 
The invention is based thereon that the amplitude of the 
tangential component of the abovementioned friction 
vector is decisive for the previously mentioned belt 
breakages, and thus decisive for the design of good 
transmissions. 

[0006] Transmissions according to the present inven- 
tion have therefore been designed taking into account 
direction and amplitude of the friction processes occur- 
ring between belt and sheave during operation, and tak- 
ing into account the specific characteristic of push-belts, 
namely the simultaneous occurrence therein of pushing 
and pulling forces. 

[0007] According to a further insight on which the 
invention is based, the abovementioned belt breakage 
actually occurs as a result of the pushing force becom- 
ing greater than the pulling force in a part of the belt sit- 
uated between the two pulleys. Although the transverse 
elements by way of which the pushing force is transmit- 
ted can rest flat against each other, where larger num- 
bers of transverse elements rest against each other 
instability occurs and can result in the belt buckling or 
bursting apart if the pulling force in the bands is inade- 
quate, ft is understood here that the pushing force to be 
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produced in the belt is related to the effective coefficient 
of friction in the tangential direction, which coefficient is 
derived from the tangential component of the vector, 
and that the pulling force in the bands is related to the 
flank angle of the pulleys, which flank angle determines 5 
the radial component of the normal force. Where the 
transmission is designed with a relatively large flank 
angle, at a set transmitted power a relatively large band 
tension occurs and belt breakage may occur as a result 
of material fatigue. Belt breakage as a result of the latter 10 
should be prevented according to the invention by over- 
dimensioning of the belt relative to the intended applica- 
tion. 

[0008] According to the insight on which the invention 
is based, the maximum transmissible power with and is 
the durability of a transmission with the present type of 
belt are thus determined by the chosen ratio between 
flank angle and the effective coefficient of friction in the 
tangential direction in rotating conditions. 
[0009] In accordance with yet a further insight on 20 
which the invention is based, this ratio is dominant over 
further influence factors such as the coefficient of fric- 
tion between the band assembly and the transverse ele- 
ments of a push-belt, the centrifugal forces occurring in 
operation and the transmission ratio between the two 25 
pulleys of a transmission, of the belt or by imposing 
restrictions on the power to be transmitted. 
[001 0] According to the insight on which the invention 
is based, when in the prior art reference is made to the 
self-locking of a variable speed gear the factor men- 30 
tioned there as the "coefficient of friction" should be 
understood as belonging to the radial component of an 
effective friction vector. The absolute value of this vector 
in a static condition coincides with the generally known 
static coefficient of friction. 35 
[001 1 ] The abovementioned self-locking limit and the 
formula for it are described in SAE technical paper 
series 881734, in particular on page 7, at the beginning 
of column 2. The abovementioned self-locking limit and 
the formula for it are also known from European patent 40 
publication EP-A-0798492, in which in relation to this 
limit an explanation is given of a possible design conse- 
quence of the fact that the coefficient of friction is lower 
in dynamic conditions than in the static state. This pub- 
lication is based on generally applicable teaching and 45 
makes no distinction on the basts of the difference 
between a push-belt and transmission elements such 
as chains which can be subjected only to a tensile load. 
Contrary to the insight on which the present invention is 
based, the publication teaches that the values for a so 
dynamic coefficient of friction have to be applied in the 
formula for the self-locking limit. 
[0012] From the NASA publication NTIS 82299: 
"Design study of steel V-bert CVT for electric vehicles", 
in particular page 41 thereof, it is known that a low coef- ss 
ficient of friction in a construction can be compensated 
for by increasing the clamping force of the pulleys and 
by reducing the cone angle. This teaching is in agree- 



ment with and follows from the abovementioned tangen- 
tial relationship between cone angle and coefficient of 
friction. It is also known from this document (page 40) 
that a low dynamic coefficient of friction of 0.06 can be 
used in combination with cone angles of 5.5 to 6.5 
degrees. However, in order to improve the efficiency of 
the transmission, it is preferable according to the inven- 
tion to use higher coefficients of friction than that just 
mentioned. 

[0013] In SAE technical papers series 940735, "A 
study of metal pushing V-belt type CVT , in particular in 
part 1 thereof, amongst other topics, there is also a 
detailed discussion of the relationship between coeffi- 
cient of friction and transmission ratio. However, the 
study does neither refer to the relationship between 
cone angle and coefficient of friction, nor to the buckling 
limit as a design parameter for continuously variable 
transmissions. 

[0014] In preferred embodiments of the transmission 
according to the invention, on the one hand, the cone 
angle of the transmission is less than 1 9 radians and, on 
the other hand, the tangential component of the coeffi- 
cient of friction is greater than 0.06. Transmissions 
designed within these conditions have the advantage 
that with the reduction of the flank angle the tensile 
stress in the bands is reduced while the clamping force 
by the sheaves remains the same. Where the material 
and the manufacturing process are otherwise kept the 
same, or at any rate where the tangential coefficient of 
friction is kept virtually the same, this leads to a further 
reduced chance of buckling, breaking of the belt as a 
result of high tensile load or fatigue of the belt during its 
service life. On the other hand, coefficient of friction 
greater than 0.06 prevents the clamping force neces- 
sary for preventing slip from becoming too great and 
thereby adversely affecting the efficiency of the trans- 
mission. 

[001 5] In a further preferred embodiment of the trans- 
mission according to the invention, the coefficient of fric- 
tion is equal to, or lies as close as possible to, 0.7367 
times the flank angle in radians, at any rate within a tol- 
erance of 10% thereof. This preferred ratio maintains 
sufficient margin relative to the ratio value at which in 
practice breakage may occur in the belt as a result of 
buckling. On the other hand, the tensile force in the 
bands is low enough to prevent fatigue, and the highest 
possible permissible power can be transmitted with rel- 
atively high efficiency. 

[001 6] The invention will be explained in greater detail 
below with reference to a drawing. In the drawing: 

Figure 1 is a diagrammatic illustration of a transmis- 
sion known per se to which the invention relates; 
Figure 2 is a transverse view of a possible embodi- 
ment of a transverse element for a driving belt; 
Figure 3 is a transverse view of another embodi- 
ment of a transverse element for a driving belt; 
Figures 4a and 4b are a longitudinal view of the 



BNSDOCID: <EP 0931959A1_L> 



3 



EP0 931 959 A1 



6 



transverse element of Figure 3 with straight and 
slanting grooves respectively according to the prior 
art; 

Figure 5 is a diagrammatic representation of an 
axial and radial cross-section of the part of the pul- 5 
ley where a link is wedged between two sheaves; 
Figure 6 is a representation of ratios between flank 
angle, shown along the x-axis, and coefficient of 
friction between a bett and a pulley, shown along 
the y-axis t which ratios according to the invention io 
are important for good design of a transmission; 
Figure 7 is a diagram in which the distinction 
required according to the invention between a radial 
and tangential component of an effective coefficient 
of friction is shown, together with a comparison of 75 
the range of ratios identified according to the inven- 
tion with the ratios known from the prior art. 

[0017] Figure 1 shows diagrammatically the transmis- 
sion elements of a continuously variable transmission 20 
which is known per se and is suitable for use in, for 
example, a motor car. The transmission comprises two 
pulleys 1 , 2, each consisting of a pair of slightly conical 
belt sheaves with a driving belt or belt 3 fitted between 
them. The pairs of sheaves 1 , 2 are fitted around a pri- 2s 
mary shaft P and a secondary shaft S respectively. The 
driving belt 3 is provided with a support 7, on which the 
transverse elements 6 are fitted in such a way that they 
are movable. One embodiment of such a transverse ele- 
ment is shown in Figure 2. The transverse element 6 30 
concerned is provided with a recess 13 for accommo- 
dating a support 7, which can consist of, for example, a 
bundle of flat metal rings. The top side of the abovemen- 
tioned recess 13 can be closed by means of a closing 
pin 10, which can be placed in the bores 1 1 and 12 of 35 
the transverse element 6. Another embodiment of a 
transverse element is shown in Figure 3. In this case the 
transverse element 6 concerned contains a pair of 
recesses 14. in which a support 7 can be accommo- 
dated. The support 7 is generally formed by a bundle of 40 
endless elements such as flat, flexible metal bands 
placed around each other. In both embodiments the 
transverse elements 6 are provided with converging 
side faces 8, which can engage with the respective con- 
ical contact surfaces 4 and 5 of the belt sheaves 1 and 46 
2. The engagement defines an imaginary contact face 
1 7 which in the known transmission is imaginable at an 
angle 8 of 1 1 degrees or 0. 1 92 radians with an orthogo- 
nal line on the axis of rotation concerned. The last- 
defined angle is described as a flank angle or cone so 
angle. As a result of transmission oil present in the 
transmission, an oil film can be formed here between 
the contact surfaces 4 and 5 at one side and the side 
faces 8 at the other side, as a result of which the driving 

beft 3 can slip relative to the belt sheaves land 2. The 55 
efficiency of the transmission will be reduced as a result 
of this and excessive wear can occur. In order to prevent 
this, the side faces 8 and/or the contact faces 4, 5 have 



a rough structure. The combination of roughness of the 
surfaces of sheave and links and the choice of the type 
of transmission oil produce an effective coefficient of 
friction between pulley and belt in the rotating state. 
[0018] Figures 4a and 4b show the transverse ele- 
ments 6 with side faces 8 provided with a mutually dif- 
fering profiled surface, for example in the form of 
grooves 1 5 between protuberances in the form of ridges 
16 which can likewise run parallel or slanting relative to 
the support 7. 

[0019] Figure 5 shows diagrammatically the forces 
acting upon a belt-pulley combination. The normal force 
N in practice is exerted by way of hydraulic pressure 
applied in a pressure chamber which is variable in size 
and one wall of which is movable, and is formed by a 
sheave of the pulley. The pressure chamber is fed by 
means of a hydraulic pump. The pressure applied 
results in the reaction force N which, depending on the 
contact angle 8, can be separated into an axially 
directed force Nx and the radially outward directed force 
Ny. The sum of the normal forces acting together on all 
elements making contact with a pulley, combined with 
the tangential component of the effective coefficient of 
friction : during operation, is decisive for the pushing 
force transmissible by the belt. Here attention must be 
paid to the pulley where the product : and the sum of the 
normal forces on ail gripped elements is smallest. This 
maximum possible value for the pushing force between 
the elements can manifest itself, inter alia, at the point 
between the elements where the support is in the 
stretched state. The radial force Ny is counteracted by 
the belt by way of a counterforce of the support 7 devel- 
oped in the arc made, which counterforce expresses 
itself in a radially inward directed band load correspond- 
ing to a force Fr per element, as indicated in Figure 5. If 
now in one of the stretched parts of the belt the pushing 
force locally becomes greater than the pulling force 
locally, this expresses itself by breakage of the belt in 
accordance with the insight on which the invention is 
based. The intactness of the belt during use has there- 
fore become, inter alia, a function of flank angle 8. com- 
bined with coefficient of friction :, the condition always 
being that the axial force must be so high that slipping in 
the tangential direction of the belt relative to the pulley is 
prevented, in other words, is virtually absent. 
[0020] According to the invention, in rotating condi- 
tions radial shifting of the belt relative to the pulley, and 
therefore slipping in the radial direction, also occurs, but 
this is always very slight relative to the tangential direc- 
tion. By way of example, a very low belt speed of 2 
metres per second with virtually no slip, for example of 
a maximum of 1% in the tangential direction, produces 
a slip of 0.01 metre per second. A very rapid shifting 
motion of the belt in a maximum of 4 seconds over a 
maximum stroke of 50 mm produces a slip of 122 milli- 
metres per second, = 0.00125 metre per second, in the 
radial direction. This means that the slip in the radial 
direction in rotating conditions is of the order of magni- 



4 



BNSDOCID: <EP 0931959A1_I_> 



7 



EP0 931 959 A1 



8 



tude of at least approximately a factor 10 - and in prac- 
tice is generally a factor of 100 - lower than the slip in 
the tangential direction. Nevertheless, both sip move- 
ments form components of the slip actually occurring, 
the size and direction of which deviates from the above- 5 
mentioned components. This actual slip is accompa- 
nied by effective friction and thereby an actual 
coefficient of friction. Its size and its direction relative to 
the pulley mean that this coefficient can be given as a 
vector. Where the tangential or radial coefficient of fric- w 
tion ifen or : rad are mentioned below, this will therefore 
indicate the coefficient of friction belonging to the tan- 
gential or radial component of the friction vector con- 
ceivable in the case of the friction actually occurring. 
[0021] Figure 6 gives for various flank angles 8 and 15 
coefficients of friction : tan the ratio which a transmission 
according to the invention has to meet. The flank angles 
8 are shown along the x-axis in radians, while the effec- 
tive coefficient of friction : ten in rotating conditions is 
shown along the y-axis. In accordance with the insight 20 
on which the invention is based, it is preferable to call 
this coefficient shown along the y-axis the Torque trans- 
mission coefficient". The top line B c , along which the 
ratio of : tan /B is 1 .1 , according to the invention forms the 
buckling limit to be applied for practical purposes and 25 
shows the ratios above which there is a real chance of 
the belt buckling and therefore breaking. Such a break 
is probably initialed by disturbances such as transverse 
vibrations. On the basis of theoretical considerations, it 
might be expected that the theoretical buckling limit in 
which the pushing force and pulling force in the belt are 
equal is formed by an asymptote along the y-axis. The 
difference between such a theoretical buckling limit and 
the current practical buckling limit B c should presumably 
be explained by the minuscule differences in force 
which can destroy such a state of equilibrium. The buck- 
ling limit B c determined according to the invention in this 
respect is found to coincide with a margin of approxi- 
mately 3%. In Figure 6 the line L1 1 shows the ratios by 
which according to a preferred embodiment of the 
invention transmissions with a safe margin relative to B c 
are obtained. The preferred ratio L11 with : ter) /8 = 
0.7367 distances itself so much from the buckling limit 
B c that permanent intactness of the belt 3 both at the 
time of putting into service and during the actual service 
life of the belt can be expected. On the other hand, suf- 
ficient distance is retained relative to the ratio along the 
line L9 below which the permissible power to be trans- 
mitted is less than the optimum, in other words, lower 
than achievable. Along the line L9 the ratio i^n/B is 0.55, 
coinciding with a safety margin of approximately 17%. 
[0022] The effective coefficient of friction : tan in the 
tangential direction in the case of transmissions accord- 
ing to the invention can be established by means of the 
formula: 



Ticos8 
tan "N x !2!R 



in which T is equal to the maximum transmissible torque 
on the primary, i.e. input, shaft when there is an axial 
force N x set on the secondary pair of sheaves, and in 
which R forms the radius of the arc made by the belt on 
the primary pair of sheaves, i.e. the radius at which the 
transverse elements make contact with each other. The 
axial force can be calculated from the hydraulic pres- 
sure exerted on the pulley sheaves and the dimension 
of the pressure face on a pulley sheave. Part of the axial 
force can be applied in practice by a spring. This force 
can be calculated. The pressure exerted is supplied in a 
transmission by a pump incorporated for the purpose, 
and can be determined by means of a manometer suit- 
able for the purpose. Part of the exerted pressure is 
caused by the centrifugal force of the oil. This force can 
be calculated. The maximum transmissible torque in the 
present example is measured by means of a torque 
measuring shaft. The measurement can be made either 
in a car or on a test bench. In each case where the 
design of the transmission is such that only a slight dis- 
tance to the buckling limit B c is maintained, according to 
the insight on which the invention is based, the meas- 
urement should be carried out at the most accelerating 
ratio or in overdrive. The movable primary sheave here 
is situated in the outermost position at which the radius 
R is the maximum. The measurement in this case is car- 
ried out at a speed of rotation of 3000 revolutions per 
minute on the primary shaft If necessary, the measure- 
ment should be carried out at a speed of rotation which 
comes closest to this speed of rotation. The oil temper- 
ature should be approximately 70°, while the pulley and 
the belt and the oil should be in a new state for each 
measurement. The use of the abovementioned meas- 
urement produces in a simple way a determination of 
the effective coefficient of friction in the tangential direc- 
tion. 

[0023] Figure 7 is a so-called three-quadrant diagram, 
in which in the first quadrant along the x-axis the effec- 
tive coefficient of friction : tan in the tangential direction is 
plotted against the radial component : rad of the coeffi- 
cient of friction along the y-axis. The second quadrant 
shows in accordance with Figure 6 a plotting of the ratio 
according to the invention with the cone angle in radians 
along the y-axis and the effective coefficient of friction 
: tan in the tangential direction along the x-axis. The 
fourth quadrant is a representation of the ratios known 
from the prior art between cone angle, shown along the 
x-axis in radians, and the effective coefficient of friction 
: rad in the radial direction along the y-axis. The third 
quadrant shows curved connecting lines which indicate 
that the y-axis of the second quadrant and the x-axis of 
the fourth quadrant are the same. Along both axes the 
cone angle 8 is plotted in radians. In Figure 7 references 
as follows are used: 
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L1 = : static = 0.17; known from EP-A-0798492. 

= ^amic = °-°8; known from EP-A-0798492. 
13 = ^namic = 0 06 i known from NASA publication 
NTIS 82299. 

L4 = : static = 0-3; known from NASA publication 
NTIS 82299. 

L5= 8 = 9.65° ("0.16 rad); known from EP-A- 
0798492. 

L6= 8 = 4.57° ("0.08 rad); known from EP-A- 
0798492. 

L7 * : = 0.06; limit conditions for : ton in preferred 
embodiments according to the invention. 

IB = : dynamic = 0.09; known through the push belt 
of Van Doorne's Transmissie b.v. available on 
the market 

L9 = rtan/8 = 0.55; the lowest limit value of the 
range with suitable ratios of : ten and 8 for good 
efficient transmission designs according to 
the invention. 

L10 = 0.19 rad; the highest limit value for 8 in pre- 
ferred embodiments according to the inven- 
tion. 

B c = the buckling limit for maximum permissible 
ratios between : ten and 8 according to the 
invention. 

B s = the self-locking limit at which tan 8 = : s4at 

Al = the Area of possible combinations of : and 8 
as known from EP-A-798492, determined by 
B 8 , L6, the x-axis and L5. 

A2 = the Area of possible combinations of between 
: ten and 8 according to preferred embodi- 
ments of transmissions according to the 
invention, determined by B c , L10, L9 and L7 
and situated within the range of ratios for 
transmissions according to the invention. 

P1 = the point with 8= 11° TO- 192 rad) and : =0.09 
known through transmissions equipped with 
the push-belt of Van Doorne's Transmissie 
b.v 

P2 = the point with 8 = 6.5° ("0.1 13 rad) and : = 
0.06 known from NASA publication NTIS 
82299. 

P3 - ditto P2 with 8 = 6.0° ("0.105 rad). 

P4 = ditto P2 with 8 = 5.5 ("0.096 rad). 

P5= optimum combination according to EP-A- 
0798492 with 8 = 8° ("0.140 rad) and : = 0.08. 

V1 s a vector which in accordance with the insight 
on which the invention is based represents an 
effective coefficient of friction in static condi- 
tions. 

V2 = a hypothetically determinable vector for an 
actual coefficient of friction prevailing in rotat- 
ing conditions between a pulley and a beft. 

[0024] The vector V2 is hypothetical because no 
measured values are known for the radial component 
: rad of the vector of the coefficient of friction in dynamic 
conditions. The measurement prescribed according to 



the invention produces only the effective component ^ 
in the tangential direction. Therefore, a real vector for 
the effective coefficient of friction in dynamic conditions 
cannot be determined. A so-called dynamic coefficient 

5 of friction is in fact known from the patent publication 
EP-A-0798492, but it is not differentiated according to a 
radial and tangential component. Moreover, this 
dynamic coefficient of friction in this publication is used 
in the formula for the self-locking limit, which in accord- 

w ance with the insight on which the present invention is 
based, at least in the case of push belts does not auto- 
matically lead to an optimum but safe belt design. Fig- 
ure 7 also makes it figuratively clear that the ideas 
commonly held until now as regards a coefficient of frie- 
rs tion to be distinguished as static or as dynamic are not 
comparable with the effective coefficient of friction : tan in 
the tangential direction according to the invention or the 
coefficient of friction belonging to the tangential compo- 
nent of the actual friction in a friction vector representing 

20 a rotating belt-pulley combination. 

[0025] The known value of the coefficient of friction 
:ta n indicated in P1 in Figure 7 is shown in the fourth 
quadrant because it was determined by Van Doorne's 
Transmissie b.v., besides, without any notion acccording 

25 to the insight on which the invention is based, according 
to measuring method therefor prescribed according to 
the invention, and therefor contains only the absolute 
term of the tangential component of the friction vector. 
The point P1 also illustrates that the measuring method 

30 described can be used for maintaining the limit B c distin- 
guished according to the invention and the tangentially 
effective coefficient of friction to be measured in the 
process. The illustration of Figure 7, in particular the 
region A2 therein, also illustrates the real possibilities 

35 for improvement of the design of applicant's push belt 
available on the market for successful use in commer- 
cially available vehicles. 

[0026] The invention is not limited to what is described 
above, but also relates to all details shown in the figures 
40 and/or in the claims which follow. 

Claims 

1 . Continuously variable transmission provided with a 
45 belt (3) and pulley (1 , 2) capable of interacting with 

each other at an acute cone angle (8) under the 
influence of a coefficient of friction (:), and which 
belt (3) is suitable for taking both pushing and pull- 
ing forces, characterized in that the ratio between 

so flank angle (8) and the effective coefficient of fric- 
tion Otan) * n fre tangential direction in rotating con- 
ditions is such that, measured in radians, the 
coefficient of friction Otan) is less than 1.1 times the 
value of the relevant flank angle (8), but is greater 

55 than 0.55 times that value. 

2. Continuously variable transmission according to 
Claim 1 , characterized in that the effective coeff i- 
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cient of friction (: ten ) in the tangential direction is 
equal to, or ties as close as posstole to, 0.7367 
times the flank angle (8) in radians, or at any rate 
lies within a tolerance of 10% thereof. 

5 

3. Continuously variable transmission according to 
Claim 1 or 2, characterized in that the flank angle 
(8) is less than 0.19 radians, and the coefficient of 
friction f:^) is greater than 0.06. 

10 

4. Continuously variable transmission according to 
Claim 1, 2 or 3, characterized in that the effective 
coefficient of friction (: tan ) in the tangential direction 
is determined in the most accelerating state of the 
transmission. 15 

5. Continuously variable transmission according to 
Claim 1 , 2, 3 or 4, characterized in that the effective 
coefficient of friction (i^ in the tangential direction 

is measurable at an input speed of rotation of 3000 20 
revolutions per minute. 

6. Belt or pulley, or assembly thereof, suitable for use 
in a continuously variable transmission according to 
one of the preceding claims. 25 
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